Extensive evidence indicates that the septum plays a predominant role in fear learning, yet the direction of this control is still a matter of debate. Increasing data suggest that the medial (MS) and lateral septum (LS) would be differentially required in fear conditioning depending on whether a discrete conditional stimulus (CS) predicts, or not, the occurrence of an aversive unconditional stimulus (US). Here, using a tone CS-US pairing (predictive discrete CS, context in background) or unpairing (context in foreground) conditioning procedure, we show, in mice, that pretraining inactivation of the LS totally disrupted tone fear conditioning, which, otherwise, was spared by inactivation of the MS. Inactivating the LS also reduced foreground contextual fear conditioning, while sparing the higher level of conditioned freezing to the foreground (CS-US unpairing) than to the background context (CS-US pairing). In contrast, inactivation of the MS totally abolished this training-dependent level of contextual freezing. Interestingly, inactivation of the MS enhanced background contextual conditioning under the pairing condition, whereas it reduced foreground contextual conditioning under the unpairing condition. Hence, the present findings reveal a functional dissociation between the LS and the MS in Pavlovian fear conditioning depending on the predictive value of the discrete CS. While the requirement of the LS is crucial for the appropriate processing of the tone CS-US association, the MS is crucial for an appropriate processing of contextual cues as foreground or background information.
Extensive evidence has implicated the septum in fear and anxiety. On the one hand, previous studies have shown that damage to the septum could result in anxiolytic-like behavioral effects McNaughton 1983, 2000) . In this context, Gray (1982) proposed a model according to which activity of the septalhippocampal complex reflects a state of "anxiety" produced when there is a mismatch between predicted and actual sensory events. By preventing animals from detecting such a change, lesions or inactivation of the septum would then cause a decrease in fear or anxiety. On the other hand, septal lesions were also found to profoundly increase fear and anxiety-related behaviors (Thomas 1988) , producing the "septal rage syndrome" in many species (Brady and Nauta 1953) . This syndrome would result from a generalized disinhibition of fear leading to exacerbated defensive reactions. Hence, a long history of lesion studies indicates that the septum plays a predominant role in fear learning, yet the direction of this control is still a matter of debate.
The septal complex is anatomically heterogeneous. While the lateral septum (LS) receives a massive glutamatergic fiber input from the hippocampus by the fornix pathway, the medial septum (MS) sends impressive cholinergic and GABAergic projections to the hippocampus (Jakab and Leranth 1995; Swanson and Risold 2000) .
Functionally, the MS has been shown to be critically involved in regulating some physiological properties of hippocampal neurons, such as theta rhythm, and place-related cells firing (King et al. 1998; Dragoi et al. 1999; Borhegyi et al. 2004 ). In line with this, electrolytic (Rawlins and Olton 1982; Kelsey and Vargas 1993) , excitotoxic (Hagan et al. 1988) , or also AMPA-induced lesions (McAlonan et al. 1995a,b) and more recently lesions with the selective cholinergic toxin 192IgG-saporin (Kirby and Rawlins 2003) demonstrated its involvement in both spatial and contextual fear conditioning. Regarding the LS, although several studies pointed out its involvement in fear learning, current results are somewhat equivocal as to whether the LS has a positive or negative influence on fear learning, a disparity that may depend on the behavioral test used (Sheehan et al. 2004 ). In addition, most of these studies have used large lesions that damaged most of the MS and LS. Thus, in order to specify the role of these two septal subregions in fear learning, we have, in mice, (1) mapped c-Fos expression in the LS and MS after two types of fear conditioning known to differentially require the hippocampal system (Desmedt et al. 1998 (Desmedt et al. , 1999 Calandreau et al. 2006; Trifilieff et al. 2006) , and then (2) compared the effects of reversible neural inactivation of either the MS or the LS on the acquisition of these two types of fear conditioning. In the first procedure, a discrete conditional stimulus (CS) is systematically paired with an aversive unconditional stimulus (US), whereas in the second procedure, the CS and the US are unpaired. Because these two procedures result in either a predominant discrete CS-US (context in background) or context-US association (context in foreground) (Desmedt et al. 1998 (Desmedt et al. , 1999 Calandreau et al. 2005 Calandreau et al. , 2006 , such experimental design enables us to directly assess the relative contribution of both the LS and the MS to elemental and contextual conditioning.
Results

Histology
Representative guide cannulae placement and infusion sites are shown in Figure 1 . Only data from subjects that exhibited correctly placed infusion sites were used in the analysis. Among a total of 74 animals, eight mice were excluded from the analysis because of either dislocated guide cannulae placement relative to the targeted septal subregion or infusion sites that reached the lateral ventricle.
tion of c-Fos within the septum. Because c-Fos is a molecular marker commonly used to delineate learning-dependent circuits, we have mapped the patterns of c-Fos expression in the LS and MS after training in order to point out a differential involvement of these two subregions in fear conditioning as a function of the procedure used (i.e., CS-US pairing vs. unpairing).
As shown in Figure 2 , levels of c-Fos expression were dependent on both the septal subregion analyzed and the conditioning procedure used. A two-way ANOVA with conditioning procedure (CS-US pairing vs. unpairing vs. naive) and septal subregion (LSd vs. LSv vs. MS) as between-groups factors indicated a significant subregion by group interaction (F (4,60) = 23.494, P < 0.001).
First, within the LS ( Fig. 2A) , c-Fos expression was different among the three groups in both the ventral LS (group effect: F (2,20) = 29.96, P < 0.0001) and dorsal LS (F (2,20) = 6.60, P = 0.006). However, post hoc analysis revealed that while both conditioning procedures resulted in similar increased c-Fos levels as compared to the naive condition in the ventral LS (both P < 0.01), only the CS-US pairing procedure was found to produce significantly higher c-Fos levels with respect to the naive condition in the dorsal LS (P < 0.01).
Second, in the MS (Fig. 2B) , an opposite pattern of c-Fos expression was observed (group effect: F ( 2 , 2 0 ) = 10.54, P = 0.0007). Specifically, post hoc analysis revealed that only the CS-US unpairing procedure produced significantly higher c-Fos levels with respect to the naive condition (P < 0.01).
The apparent opposite pattern of c-Fos expression revealed by the post hoc analyses was actually confirmed by a two-way ANOVA restricted to the critical modalities of the factors involved (CS-US pairing vs. unpairing) and (LSd vs. MS), which indicated a significant subregion by conditioning interaction (F (1,28) = 4.49, P = 0.043).
Auditory-cue conditioning
Effects of LS inactivation
Overall conditioned freezing to the tone CS (second vs. first block) was specific to the pairing (vs. unpairing) conditioning procedure and treatment (saline vs. lidocaine) (block ‫ן‬ conditioning ‫ן‬ treatment interaction: F (1,29) = 13.21, P = 0.001) (Fig. 3A) . Although there was an overall significant tendency for lidocaine-infused mice to display decreased levels of freezing as compared to saline-infused mice (effect of treatment: F (1,29) = 6.43, P = 0.016), one can note that this effect was more marked in the pairing (F (1,15) = 7.87, P = 0.013) than in the unpairing condition (F (1,14) = 0.33, ns). This is mainly because the training-dependent increase in freezing due to the tone presentation was observed in saline-infused mice (block ‫ן‬ conditioning interaction: F (1,12) = 32.02, P = 0.0001) but was abolished by inactivation of the LS (block ‫ן‬ conditioning: F (1,17) = 1.24, ns). These results demonstrate that the LS is required for the acquisition of auditory-cue fear conditioning.
Effects of MS inactivation
Lidocaine-infused mice again displayed overall decreased levels of freezing as compared to saline-infused mice (effect of treatment: F (1,29) = 5.86, P = 0.021). Nevertheless, the training-dependent increase in freezing observed during the second block (as compared to the first one; block ‫ן‬ conditioning: F (1,29) = 11.63, P = 0.001) was not dependent on the treatment condition (block ‫ן‬ conditioning ‫ן‬ treatment interaction: F (1,29) = 0.002, ns). Compared to unpaired mice, both saline-infused mice and lidocaine-infused mice trained under the pairing condition displayed a significant increase in freezing during the tone presentation (block ‫ן‬ conditioning interaction in saline-infused mice: F (1,15) = 4.86, P = 0.04; block ‫ן‬ conditioning interaction in lidocaine-infused mice: F (1,14) = 7.72, P = 0.014). These results demonstrate that the MS is not required for the acquisition of auditory-cue conditioning.
It must be noticed that statistical analyses restricted to the pre-tone block (i.e., first block) revealed that overall conditioned freezing during this period was not specific to the pairing (vs. unpairing) procedure or treatment (saline vs. lidocaine) whatever the targeted septal area (LS: treatment ‫ן‬ conditioning interaction: F (1,29) = 0.078, ns; MS: treatment ‫ן‬ conditioning interaction: F (1,29) = 0.96, ns). 
Contextual conditioning
Effects of LS inactivation
The effects of LS inactivation on contextual freezing tended to be dependent on the conditioning procedure used (conditioning ‫ן‬ treatment: F (1,29) = 3.98, P = 0.055). This close to significance interaction was strengthened by the fact that lidocaine infusions into the LS resulted in a significantly diminished conditioned freezing to the context in mice trained with the unpairing procedure (effect of treatment: F (1,14) = 5.21, P = 0.038) (Fig. 4A) , while leaving unchanged contextual freezing in mice trained with the pairing procedure (F (1,15) = 0.048, ns). Nevertheless, both saline-and lidocaine-infused mice displayed significantly more conditioned freezing to the context when trained with the unpairing (context in the foreground) than with the pairing procedure (context in the background; effect of conditioning in SAL: F (1,12) = 54.40, P < 0.0001; in LIDO: F (1,17) = 10.68, P = 0.004).
Effects of MS inactivation
Lidocaine infusions into the MS resulted in a significantly diminished conditioned freezing to the context in mice trained with the unpairing procedure (effect of treatment: F (1,15) = 8.83, P = 0.009), while significantly increasing contextual freezing in mice trained with the pairing procedure (effect of treatment: F (1,14) = 5.51, P = 0.034) (Fig. 4B) . As a consequence, the typical training-dependent effect observed in saline-infused mice on contextual freezing was abolished in lidocaine-infused mice (conditioning ‫ן‬ treatment interaction: F ( 1 , 2 9 ) = 13.98, P = 0.0008). Specifically, while saline-infused mice displayed more conditioned freezing to the context when trained with the unpairing than with the pairing procedure (effect of conditioning: F (1,15) = 16.61, P = 0.001), lidocaine-infused mice displayed similar levels of freezing in both training conditions (no conditioning effect: F (1,14) = 1.95, ns).
Discussion
So far, the septum had been shown to be involved in fear conditioning (Gray and McNaughton 1983; Sparks and LeDoux 2000) , yet previous studies had not provided direct evidence for distinct roles of the LS and MS in elemental and contextual fear conditioning. This is probably because most of the septal damage or inactivation extended to the whole septum and also because analysis was restricted to either cue or contextual conditioning. The present findings reveal a functional dissociation between the LS and the MS in Pavlovian fear conditioning. Inactivating the LS totally disrupted auditory fear conditioning, which, otherwise, was spared by inactivation of the MS. In addition, while reducing contextual fear conditioning under the unpairing condition, inactivating the LS spared the training-dependent level of contextual freezing (i.e., more freezing to the foreground than to the background context). In contrast, inactivation of the MS specifically abolished this training-dependent effect.
From a pharmacological point of view, several previous observations indicate that the active site of the injected volume of lidocaine was mostly limited either to the LS or the MS. First, previous technical (Peterson 1998 ) and functional (Malpeli and Schiller 1979) studies examining the diffusion of micro-injected drugs into discrete brain areas allowed us to estimate that a 0.15-0.2-µL volume administered over 3 min resulted in a sphere of functional inactivation of ∼200-400 µm 3 in the brain. This implies, in our experiment, that the drug spread was mostly limited to the targeted region. Second, Martin (1991) demonstrated, using autoradiography on brain slices, that 1 µL of lidocaine spreads in a radial fashion to a distance of 1.7 mm from the site of injection in both cortical and subcortical tissues and that its peak of activity occurs within 10 min post-infusion. Furthermore, and in accordance with these findings, recent data demonstrated that a volume of 0.25 µL of lidocaine (2%) specifically inactivated either the dorsal CA1 or CA3 of the hippocampus (Daumas et al. 2005) . Third, we recently demonstrated that a volume of 0.15 µL (2%) specifically inactivated either the LA or the BLA nucleus of the amygdala (Calandreau et al. 2005) . Finally, and more importantly, the observed dissociation of the behavioral effects of the injections depending on the targeted septal subregion indicates that there exists only minimal overlap, if, indeed, there was any overlap at all between the two spheres (chosen volume of the bolus 0.20 µL, 2%) of drug diffusion.
Dissociated roles of the LS and MS in auditory-cue conditioning
The present study provides direct evidence for a different contribution of the LS and MS to the acquisition of auditory-cue conditioning. LS inactivation totally abolished the specific increase in conditioned freezing to the simple tone CS in mice trained with the CS-US pairing procedure. In contrast, MS inactivation, while diminishing levels of freezing during the auditory-cue test, spared the acquisition of auditory-cue conditioning. The overall diminished level of freezing after both MS and LS inactivation is generally consistent with previous findings reporting anxiolyticlike effects of septal lesions (Gray and Mc Naughton 1983; Pesold and Treit 1992; Menard and Treit 1996) . However, past studies on the partial reinforcement extinction effect reported dissociated roles of the MS and LS depending on the stressful situation. In particular, while LS lesions decreased resistance to extinction (in a partial reinforcement condition, nonpredictable US), MS lesions tended to increase resistance to extinction (in a continuous reinforcement condition, predictable US) (Feldon and Gray 1979) . In the present study, the decreases in levels of freezing were also dependent on both the training procedure and the targeted septal subregion. More specifically, and similar to Feldon's observations, LS inactivation actually decreased contextual fear conditioning (in the unpairing condition, nonpredictable US), while MS inactivation increased contextual fear conditioning (in the pairing condition, predictable US). Even if a direct comparison of the effects observed in the Feldon's studies and the present one must be taken with caution because of several technical and methodological differences, the similarities observed between these studies indicate a specific, although different, contribution of the LS and MS in fear conditioning as a function of the cognitive process engaged.
The presently observed disruption and preservation of significant tone fear conditioning after LS and MS inactivation, respectively, are congruent with previous studies that showed a functional segregation between lateral and medial septal cells. Using field potential recordings, we previously reported bidirectional changes in hippocampal-lateral septal synaptic excitability as a function of the predictive value of the tone CS for the occurrence of the US (Garcia and Jaffard 1996; Desmedt et al. 1998 Desmedt et al. , 2003a . In line with this, cell unit recordings in the LS also revealed bidirectional changes in the cell firing rate depending on whether or not a CS signaled an aversive US. By comparison, most of medial septal cells are less sensitive to the CS-US contingency (Thomas and Yadin 1980; Yadin and Thomas 1981; Thomas et al. 2005) , but interestingly, their predominant responses appear to be the reverse of what is observed in the LS (Thomas et al. 1991 ). In accordance with these studies, the present immunohistochemical data showed an opposite pattern of c-Fos expression in the dLS and MS depending on whether the discrete tone CS was predictive or not of the footshock US. While a significant increase in c-Fos expression was observed in the dLS, but not in the MS, after a CS-US pairing procedure (context in the background), an inverse pattern of results was observed after a CS-US unpairing procedure (context in the foreground). Altogether, these data support the idea of a crucial requirement of the LS in elemental fear conditioning, and suggest a main contribution of the MS to contextual conditioning (see also Desmedt et al. 2003b ).
Role of the LS in contextual conditioning
Pre-training inactivation of the LS not only abolished auditorycue conditioning (pairing condition), but also reduced conditioned freezing to the foreground context (unpairing condition). Previous studies indicate that the absence of significant effect of LS inactivation on freezing to the tone in the unpairing condition and on contextual freezing in the pairing condition is unlikely to be due to a floor effect. First, using the same experimental protocol, we previously reported that pre-training intrahippocampal infusion of scopolamine (Calandreau et al. 2006 ) and inactivation of the basolateral nucleus of the amygdala (Calandreau et al. 2005) actually diminished the levels of contextual freezing even in the pairing condition. This indicates that even if control animals trained under the pairing procedure display a lower level of contextual freezing than those trained under the unpairing procedure, it is still possible to reduce such a low level of freezing. Consequently, the sole floor effect argument cannot explain why inactivation of the dorsal LS has no significant effect on contextual freezing in the pairing condition in the present study. Second, our results demonstrate that lidocaine infusion into the dorsal LS does not prevent mice from appropriately (depending on the CS-US contingency) processing contextual cues as foreground or background information. Indeed, lidocaineinfused mice trained under the unpairing condition still display more conditioned freezing to the context than those trained under the pairing condition. This indicates that lidocaine has no effect on conditioned freezing per se. Indeed, if it were the case, no difference in freezing behavior should be observed between the two training conditions. This also indicates that inactivation of the LS does not prevent mice from detecting the different CS-US contingency training rules. Otherwise, mice could not, as a function of such a rule, appropriately process the context as background or foreground information.
Consequently, the main explanation for the presently observed effect of inactivation of the dorsal LS is that it prevents mice from "amplifying" the processing of the main predictor (either the tone or the context depending on the CS-US contingency) in the training environment. Given the pivotal anatomical position of the LS within the limbic system, this trainingdependent effect of LS inactivation might reflect alteration in the encoding neural system of reinforcing stimuli. In particular, lesion and electrophysiological studies revealed functional interactions between the LS and the amygdala (Melia et al. 1992; Desmedt et al. 1998 ; see also Desmedt et al. 1999) . Since the amygdala has been shown to be differentially required for fear conditioning as a function of the procedure used (Calandreau et al. 2005) , it is likely that the LS may also be differentially required for a preferential tone (CS-US pairing) or contextual fear conditioning (CS-US unpairing).
Nevertheless, while decreasing contextual freezing in mice trained with the unpairing procedure, yet inactivation of the LS spared a differential freezing level to the context depending on the CS-US contingency. Indeed, as observed in saline-infused mice, lidocaine-infused mice exhibited higher freezing levels to the foreground than to the background context. This trainingdependent effect on contextual fear conditioning can be explained by the cue validity effect. Associative learning theories such as that of Rescorla and Wagner (1972) can readily explain this result. Briefly, the Rescorla-Wagner model states that a reinforcer can sustain only a limited amount of associative strength; thus, simultaneously presented cues are supposed to compete with one another as the best predictor of the US occurrence. In the pairing condition, the tone is consistently followed by the US, whereas the context is continuously present during training. Consequently, the tone becomes a strong predictor to the detriment of the context and captures most of the fixed amount of the associative strength sustained by the US. In the unpairing condition, the tone is never followed by the US, while the context is the sole stimulus "directly" associated with the occurrence of the US. In that condition, the context is a better predictor than the tone for the US occurrence and captures most of the associative strength. Interestingly, this training-dependent effect on contextual freezing was specifically abolished by MS inactivation, which reduced contextual freezing under the unpairing condition and, conversely, potentiated contextual freezing under the pairing condition.
MS and adaptive processing of contextual cues
The present impairment of foreground contextual conditioning is in agreement with previous studies showing a deficit in hippocampal-dependent learning following MS lesions (Rawlins and Olton 1982; Hagan et al. 1988; Kelsey and Vargas 1993 (Selden et al. 1991; Phillips and LeDoux 1992; Richmond et al. 1999) . It is important to note, however, that Bannerman et al. (2004) showed that MS lesions had no effect on conditioned contextual freezing. This absence of deficit is reminiscent of the lack of impairment of contextual conditioning observed in some studies after hippocampal lesions (Maren et al. 1997; Frankland et al. 1998; Gerlai 1998) . Evidence strongly suggests that under certain conditioning procedures, which, for instance, do not use any discrete CS (i.e., shock alone condition), animals could associate the footshock US with a simple salient contextual cue (e.g., footshock grid). Such a procedure, actually used in the study by Bannerman et al. (2004) , might, in fact, promote a contextual conditioning based on an elemental associative strategy, which would not require the integrity of the hippocampus (Maren et al. 1997; Frankland et al. 1998; Cho et al. 1999; Holland and Bouton 1999; Anagnostaras et al. 2001) or that of the MS. Moreover, in the Bannerman experiment, the absence of unpaired phasic tone CS could reduce the competition between cues to acquire associative strength. This conditioning situation with "low competition" would, thus, not critically require the MS. On the contrary, in the present study, the use of an unpaired phasic tone CS would favor a competition between a simple phasic contextual CS (i.e., the tone) and the polymodal static contextual cues. This competition would critically require the MS for the selection of the best predictor (the polymodal context). Consequently, contrary to what was observed in the Bannerman experiment (Bannerman et al. 2004 ), inactivation of the MS actually results in disrupting contextual fear conditioning in our training condition, providing thereby a critical role of the MS in the processing of the relative cue validity.
The potentiation of contextual freezing under the pairing condition is borne out by previous studies showing that septal lesions enhanced contextual fear conditioning when the delivery of shock is signaled (McAlonan et al. 1995b; Sparks and LeDoux 1995) . While in accordance with these data, our present findings reveal that the MS actually contributes to the appropriate processing level of contextual information as a function of the predictive value of the discrete CS and strengthen the view of a critical role of the MS in the processing of the relative cue validity. Indeed, in contrast to the control condition, pre-training inactivation of the MS produced similar levels of contextual freezing after both types of conditioning procedures. In line with this, previous data indicated that the subcortical cholinergic projection to the hippocampus might increase the signal-to-noise ratio by decreasing noise (i.e., background contextual cues) (McAlonan et al. 1995b) . More recently, we demonstrated that the level of the hippocampal cholinergic transmission is causally related to the processing of contextual stimuli as foreground or background information depending on the predictive value of the simple tone CS (Calandreau et al. 2006) . Thus, inactivating the MS would result in altering the functioning of the septalhippocampal cholinergic neurotransmission and consequently would prevent animals from processing contextual cues as less predictive cues than the simple tone CS under the pairing condition. As a result, animals could not consign the contextual cues in the background in this training condition. Similarly, this inactivation would also prevent animals from optimally processing contextual cues in the foreground when trained with the unpairing procedure. Hence, these findings reveal that the MS is not only required for processing contextual cues but is mostly required for an adaptive, that is CS-US contingency-dependent, processing of the contextual cue validity.
In conclusion, the present study demonstrates dissociated roles for the LS and MS in elemental and contextual fear conditioning. While the LS is crucially required for the simple toneshock association, the MS is involved in the context-US association. More specifically, these findings show that both septal subregions are involved in the processing of the CS-US contingency. Nevertheless, while the LS has a key role in elemental conditioning, the MS specifically subserves the appropriate processing of contextual cues as foreground or background information. Although further experiments are needed to unveil the mechanisms and specific neural circuitry involved in this newly revealed functional dissociation, the present findings highlight the LS and MS contributions to adaptive conditioned emotional responses as a function of the learning situation considered.
Materials and Methods
Subjects and surgery
The experiments were conducted on naive adult (4-6 mo) male mice (C57Bl/6 JI Co, IFFA Credo) weighing 27-32 g. They were housed individually 7 d before the experiments and maintained in an animal room (23°C) with a 12-h artificial light/dark cycle and with ad libitum access to food and water. Light hours were between 07:00 and 19:00. All behavioral testing was carried out during the light phase of the cycle.
Mice were anesthetized with Avertin (tribromoethanol; 10 mL/kg, i.p.) and secured in a Kopf stereotaxic apparatus. The position of the incisor bar was adjusted, if necessary, so that the bregma and the lambda were in the same horizontal plane. After taking a reading of the dorsal surface of the sagittal sinus, a small piece of hemostatic sponge was used to avoid excessive bleeding. Stainless-steel guide cannulae (26 gauge, 8 mm length) were implanted either 1 mm above the MS (3.6 mm below the skull surface, 0.9 mm anterior to bregma, and 0 µm lateral from midline), or simultaneously bilaterally 1 mm above the dorsal LS (2.1 mm below the skull surface, 0.9 mm anterior to bregma, and 0.4 mm lateral from midline) (Franklin and Paxinos 1997) , then fixed in place with dental cement and two jewel screws attached to the skull. Mice were then allowed to recover in their home cages in the animal room for at least 8 d before behavioral experiments. The choice of the placement of the cannulae at the dorsal LS was based on previous experiments showing that the hippocampal-(dorsal) lateral septal glutamatergic neurotransmission was differentially involved in fear conditioning depending on whether the CS and US are paired or unpaired (Garcia and Jaffard 1996; Desmedt et al. 1998 Desmedt et al. , 2003a .
Intracerebral infusions
For infusion, the dummy stylets that obturated the free end of the guide cannulae were removed, and 32-gauge stainless-steel cannulae (9 mm), attached to 1-µL Hamilton syringes (PolyLabo) with polyethylene catheter tubing, were inserted through the guides. The syringes were fixed in a constant rate infusion pump (Roucaire), and 2% lidocaine (2-diethylamino-N-[2,6-dimethylphenyl]-acetamide hydrochloride; Sigma) was bilaterally infused (0.2 µL per side) into the LS or unilaterally infused (0.2 µL) into the MS over a 3-min period during which the mouse was maintained in its home cage. Infusion flow rates were checked visually. The cannulae were left in place for a further 3 min before removal to allow diffusion of the drug away from the cannula tip (Desmedt et al. 1999; Calandreau et al. 2005 Calandreau et al. , 2006 .
The injection volume was chosen on the basis of previous findings reporting that this resulted in selective functional inactivation of 200-400-µm 3 brain regions (Malpeli and Schiller 1979) , that is, in our experiment, a drug spread limited to the targeted region. Moreover, Tehovnick and Sommer (1997) reported that monkey cerebral cortex units were inactivated <8 min after intracortical lidocaine injection, and that they gradually recovered, regaining much of their initial activity within 30 min after the injection. By inducing a peak of inactivation within the targeted brain site lasting from 3 to 10 min, this pre-training infusion was thought to induce a functional inactivation of either the LS or the MS that was limited mostly to the acquisition phase of conditioning. One control group was submitted to the same procedure except that animals received NaCl infusion.
Behavioral procedure
Classical fear conditioning took place in a Plexiglas chamber (30 ‫ן‬ 24 ‫ן‬ 22 cm high) given access to the different visualspatial cues in the experimental room. The floor of this conditioning chamber consisted of stainless steel rods (2 mm diameter), spaced 5 mm apart and connected to a shock generator (Imetronic). The four sides of the chamber and the rods of the floor were cleaned with 70% ethanol before each trial. For acquisition, half of the animals was given two explicit pairings of the tone CS (63 dB, 1 kHz, 15 sec) and a footshock US (0.7 mA, 50 Hz, 3 sec). Specifically, each animal was placed in the conditioning chamber for 4 min; 100 sec after being placed into the chamber, a tone was presented and was immediately followed by a footshock. Sixty seconds later, the same tone-shock pairing was presented. After an additional delay of 40 sec, each mouse was removed from the conditioning chamber and replaced in its home cage. In this training condition, the prevalent association is the elemental CS-US association, which consigns the conditioning context to the background. The other half of the subjects were trained under the unpairing tone-shock procedure, which differed from the previous training condition in that the two shocks and the two tones were pseudo-randomly distributed. Specifically, 100 sec after being placed into the chamber, animals received a footshock, then after a 20-sec delay, a tone was presented. Finally, after a 30-sec delay, the same tone and the same shock spaced out 30 sec apart were presented, and each animal was replaced in its home cage after a final delay of 20 sec. This explicitly unpaired arrangement of tone and shock is known to enable the contextual cues to be processed as the primary stimuli to enter into association with the US (i.e., context in foreground) (Desmedt et al. 1998 (Desmedt et al. , 1999 Calandreau et al. 2005 Calandreau et al. , 2006 .
Twenty-four hours later, while animals were drug free, they were all tested for freezing behavior (measured second-bysecond), used as an index of conditioned fear and defined as a lack of all movement, except for respiratory-related movements (Fanselow 1980) . First, all mice were submitted to the auditory cue test: they were maintained in their home cage, and two successive recording sessions of behavioral responses were performed: one prior to (first 2 min) and one during (next 2 min) the tone presentation. For the tone test, animals together with their home cage were placed in the conditioning room. It is important to note that the context was slightly modified for this test: the luminosity slightly increased (from 60 to 100 lux), and the context in which the home cage was placed was cleaned with acetic acid (1%) instead of alcohol (70%) before each testing trial. Finally, because the home cage is in opaque Plexiglas, it prevents mice from having a perceptual access to the surrounding visuospatial cues of the training environment.
Two hours later, all mice were submitted to the context test: they were re-exposed for 4 min to the conditioning chamber. Animals were continuously videotaped for off-line scoring of freezing. Freezing was evaluated manually and measured secondby-second. This behavioral procedure has been repeatedly used and fully described in previous experiments (Desmedt et al. 1998 (Desmedt et al. , 1999 Calandreau et al. 2005 Calandreau et al. , 2006 .
Histology
After completion of the behavioral study, animals were given an overdose of sodium thiopental (120 mg/kg) and transcardially perfused with physiological saline, followed by 10% buffered formalin. Brains were post-fixed in formalin-saccharose 30% solution for 1 wk, frozen, cut coronally on a sliding microtome into 50-µm sections that were mounted on a gelatin-coated slide, and stained with thionine in order to evaluate the cannulae placements.
Immunohistochemistry
Twenty-three mice were deeply anesthetized using avertin (10 mL/Kg, i.p.) 1.5 h after conditioning with either a CS-US pairing (n = 8) or unpairing (n = 8) procedure and perfused intracardiacally with 100 mL of 4% paraformaldehyde (PFA) in 0.1 M Na 2 HPO 4 /NaH 2 PO 4 buffer (pH 7.5) at 4°C. Additional mice (NAIVE, n = 7) were taken directly from their home cage in the animal room and sacrificed for immunohistochemistry analysis. Brains were removed, post-fixed overnight in the same fixative solution as described above, and then sectioned using a Vibratome (Leica). Free-floating sections (50 µm thin) were rinsed in phosphate buffer saline (PBS) and pretreated with 0.3% H 2 O 2 in PBS to reduce endogenous peroxidase activity. After four rinses (15 min each), sections were incubated in a blocking solution (2% bovine serum albumin [BSA]/2% normal goat serum/0.2% Triton X-100) for 1 h at room temperature. Then, they were incubated in primary polyclonal rabbit anti-c-Fos (Oncogene Research Products; 1:20,000 dilution) antibodies in the blocking solution overnight at room temperature. Subsequently, sections were washed with PBS and incubated for 2 h at room temperature with biotinylated goat anti-rabbit IgG (Jackson Immunoresearch; 1:2000 in PBS) followed by 2 h at room temperature in the avidin-biotin peroxidase complex (Vectastain Elite kit; Vector Laboratories). Sections were rinsed in PBS and then PB. The peroxidase reaction end-product was visualized by incubating sections in 0.05 M Tris (pH 7.6) containing 3,3Ј-diaminobenzidine tetrahydrochloride (DAB, 0.037%) as chromogen and hydrogen peroxide (0.015%) for 15 min. Finally, immunolabeled sections were washed in PB, mounted on gelatin-coated slides, dehydrated, and coverslipped. A videocamera (SONY DXC-950P) attached to a microscope (OLYMPUS BX 50) and connected to an analysis software (Biocom; Visiolab 2000, V4.50) was used for labeled cell quantification. Immunochemistry cell counting was restricted to dorsal and ventral LS as well the medial nucleus of the medial septal complex. Six measurements (three per hemisphere) were made for dorsal and ventral LS and averaged. Three measurements were made for the MS and averaged. Quantifications were carried out at ‫ן01‬ magnification. Sections from the LS (dorsal and ventral part) and the MS were between bregma 1 mm and bregma 0.6 mm (Franklin and Paxinos 1997) . The dorsal LS (LSd) is the region of the lateral septal area positioned immediately under the corpus callosum and close to the lateral ventricule. The ventral lateral septal area (LSv) corresponds to both the intermediate LS plus the ventral LS according to Franklin and Paxinos (1997) . The choice of this subdivision was made on the basis of previous observations. Using electrophysiology, Garcia and Jaffard (1996) and also Desmedt et al. (1998 Desmedt et al. ( , 2003a showed that the LSd was differentially involved in Pavlovian fear learning depending on whether a pairing or an unpairing tone CS-US procedure was used. On these bases, it was expected that levels of c-Fos would be different in this region of interest (but not necessarily in the LSi and LSv) as a function of the training procedure used. Consequently, c-Fos cell counting in the dorsal LS was dissociated from the c-Fos cell counting in the intermediate LS and ventral LS, which were not performed separately. Regarding the medial septum (MS), cell counting was restricted to the medial nucleus of the medial septal complex according to Franklin and Paxinos (1997) . This choice was based on previous data demonstrating that the medial nucleus constitutes the main (cholinergic) input to the hippocampus.
c-Fos-positive cells were automatically detected by the computer in rectangular boxes of 100 ‫ן‬ 100 µm in the LSd and of 100 ‫ן‬ 300 µm in the LSv and MS. The computer automatically counted all positive targets excluding noncellular irregularities in the background staining. This method, intermediate between stereological and exhaustive counting, also permits us to express results as the number of c-Fos-immunopositive cells per square millimeter for each region. At all stages the experimenter was blind to the experimental groupings.
Data analysis
